Evaluation of a bacteriocinogenic Lactobacillus plantarum strain on the microbiological characteristics of “Alheira de Vitela” by Macieira, Ariana et al.
AIMS Agriculture and Food, 4(2): 223–236. 
DOI: 10.3934/agrfood.2019.2.223 
Received: 30 December 2018 
Accepted: 01 March 2019 




Evaluation of a bacteriocinogenic Lactobacillus plantarum strain on the 















1 Universidade Católica Portuguesa, CBQF—Centro de Biotecnologia e Química Fina—
Laboratório Associado, Escola Superior de Biotecnologia, Rua Arquiteto Lobão Vital 172, 4200-
374 Porto, Portugal 
2 Bioinformatics Unit, Department of Infectious Diseases, National Institute of Health, 1649-016 
Lisbon, Portugal 
* Correspondence: Email: pcteixeira@porto.ucp.pt; Tel: +351225580001; Fax: +351225090351. 
Abstract: Lactic Acid Bacteria (LAB) and their bacteriocins can be successfully used as natural 
preservatives in meat products. This work aimed to investigate the effect of fresh and lyophilized 
starter cultures of an autochthonous bacteriocinogenic LAB strain (Lactobacillus plantarum 
ST153Ch: bac + culture) on the microbiological characteristics of “Alheira”, a traditional Portuguese 
smoked product. “Alheira” with the addition of fresh or lyophilized culture (ca. 10
8 
cfu/g) and 
“Alheira” control (no bacteriocinogenic culture added) were produced by an industrial meat 
company. The antilisterial activity of this culture in this food matrix was investigated, with some 
samples being inoculated with Listeria monocytogenes (ca. 10
5
 cfu/g). Detection of L. 
monocytogenes, Salmonella spp., sulphite reducing clostridia, Yersinia enterocolitica and 
enumeration of L. monocytogenes, Staphylococcus aureus, Bacillus cereus, Escherichia coli, 
Enterobacteriaceae, lactic acid bacteria, yeasts and moulds were performed immediately after 
production and at 3, 7, 15, 21, 28, 60 and 90 days of storage at 4 ℃, according to ISO methodologies. 
Also, a 16S rRNA Gene Analysis was performed of the microbial communities of “Alheira” with 
and without the lyophilized bacteriocinogenic culture. Pathogenic and indicator organisms were not 
detected or were below acceptable levels in all samples. LAB counts increased during storage and 
reached similar values after 15 days (ca. 10
10
 cfu/g) in all samples. There was a clear trend for a 
higher reduction of L. monocytogenes in the presence of the bioprotective culture, more pronounced 
during the initial 15 days of storage. From the analysis of the microbial communities of samples of 
“Alheiras” at different stages of fermentation, Leuconostocaceae and Lactobacillaceae predominated 
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in all the samples and Lactobacillus was the genus more prevalent in “Alheiras” after 60 days of 
storage with the addition of bacteriocinogenic culture. 
Keywords: food safety; bioprotection; fermented meat sausages; microbiota; L. monocytogenes 
 
Abbreviations: LAB: lactic acid bacteria; bac +: bacteriocinogenic; PGI: Protected Geographical 
Indication; S2BLAF: Lb. plantarum ST153Ch fresh; S2BLA: Lb. plantarum ST153Ch lyophilized; 
S2BC non-inoculated; S2BLAF + LM: Lb. plantarum ST153Ch fresh plus cocktail of L. 
monocytogenes; S2BLA + LM: Lb. plantarum ST153Ch lyophilized plus cocktail of L. 
monocytogenes; S2BC + LM: cocktail of L. monocytogenes 
1. Introduction 
“Alheira” is a traditional fermented smoked meat sausage, typical of the North of Portugal, 
which production dates back to the late fifteenth century. Nowadays, “Alheira” is a well-known 
Portuguese product with some varieties with Protected Geographical indication (PGI) status. 
“Alheiras” vary considerably in their final compositions and production processes. The relevant 
common elements in the production process are the boiling of various meats in lightly salted and 
spiced water; soaking the thinly sliced bread in some of the broth, formed during the boiling of the 
meats, until it is soft enough; adding meat in small pieces, spices and olive oil and/or fat drippings to 
the bread/broth mixture; there is no addition of starter cultures; stuffing the paste into pork intestinal 
or cellulose-based casings when everything is completely mixed and the salt and spices adjusted to 
the desirable taste (variable). Traditionally, “Alheiras” are smoked at low but uncontrolled 
temperature (generally < 37 ℃) and uncontrolled humidity [1], but industrially smoking is 
performed at higher temperatures, in ovens, and cooled rapidly in cooling chambers. Several authors 
observed that LAB constitute the predominant microbiota of “Alheira”, with particular incidence of 
Lactobacillus spp. and Enterococcus spp. [1,2] from the early stages of fermentation process (during 
the smoking). However, pathogenic organisms, such as L. monocytogenes, Salmonella spp. and St. 
aureus have already been detected [2,3] which could affect the safe consumption of this food. 
“Alheira” have a pH ~5.1, 1.1% NaCl, ± 0.95 of water activity, 52.3% of moisture, 13% of lipids, 14% 
total protein and 13% of carbohydrates. These physicochemical parameters and composition, 
indicated that, and according to the accepted limits for these parameters, pH, salt content and 
moisture per se, do not assure the microbiological safety of this product. Furthermore, this is a 
product that is consumed cooked, but some studies suggested that internal temperatures may often 
not be sufficient to kill all of the pathogens originally present [4], which could justify the use of 
bioprotective cultures or other natural antimicrobial components. 
One of the main challenges in the production of traditional fermented meat products is to improve 
competitiveness by identifying innovations, which comply with safety policies and regulations, and 
guarantee food safety, while at the same time meeting consumer demands and expectations [5]. There is 
an increasing interest in the use of LAB as natural preservatives, due to the potential production of 
antimicrobial metabolites such as bacteriocins [6–8]. So, LAB cultures and/or their bacteriocins are very 
important for bioprotective strategies to control spoilage and pathogenic microorganisms such as L. 
monocytogenes [6–9]. It is recommended to use strains that are well adapted to specific environment 
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characteristics of the food matrices in which they are going to be used, preferably isolates recovered 
from these or from similar foods, for optimal performance and bacteriocin production [9–11]. 
Lactobacillus plantarum ST153Ch originally identified as Lb. sakei but subsequently re-identified 
as Lb. plantarum, is an autochthonous strain isolated from “Salpicão”, a traditional Portuguese salami-
like product [12]. Vaz-Velho et al. [13] showed the possibility of using this strain as a protective 
culture to improve the safety of fermented meat sausages with respect to L. monocytogenes. Todorov et 
al. [12] showed that this strain produces an anti-listerial bacteriocin (ST153Ch) that is heat resistant 
and stable at low temperatures, stable between pH 2.0 and 10.0 and produced at higher levels during 
the stationary phase of fermentation in the presence of 2% (w/v) D-Glucose [12]. 
Food safety challenges are constantly changing and require new approaches and tools. Omics 
methodologies are rapidly transforming our approaches to the detection, prevention, and removal of 
foodborne pathogens [14], but also to monitor changes in microbiota composition of these products, 
the interactions between new bio-control agents and microbiota, which is directly correlated to its 
taste, aspect, safety and functional characteristics [15,16]. This could be a very interesting approach 
for industrial application. 
The aim of this work was to evaluate the effect of a fresh and a lyophilized bioprotective Lb. 
plantarum ST153Ch culture, at an industrial scale, on the microbiological characteristics of “Alheira 
de Vitela”, during the 90 days of storage at 4 ℃. Simultaneously the antilisterial activity of Lb. 
plantarum ST153Ch was also evaluated. Changes in microbiota were also investigated by 16s rRNA 
gene analysis in “Alheira de Vitela” produced with and without the bacteriocinogenic culture. 
2. Materials and methods 
2.1. Microorganisms and growth conditions 
Lactobacillus plantarum ST153Ch (formerly Lc. sakei [12] and reclassified following 16 sRNA 
sequencing) was grown in de Man, Rogosa Sharpe (MRS) broth (Lab M, Bury, UK) at 30 ℃ for 48 h. 
Listeria monocytogenes Scott A [17] and L. monocytogenes 3701 (isolated from a fermented 
meat sausage (ESB-UCP) were grown in Tryptone Soy Broth (TSB; Biokar) supplemented with 
0.6% (w/v) of yeast extract (LabM; TSBYE) at 37 ℃ for 18–22 h. 
All bacterial strains were sub-cultured twice under appropriate conditions before use in 
experiments. All strains were stored at −20 ℃ in the presence of 30% (v/v) glycerol. 
2.2. Preparation of fresh and lyophilized culture 
One liter of MRS broth was inoculated (1% v/v) with Lb. plantarum ST153Ch and after 24 h at 
30 ℃, cells were centrifuged at 17200x g, for 10 minutes, at 4 °C. Cells were resuspended in 100 mL 
of sterilized deionized water, in order to have 10
9
 CFU/mL. For fresh culture, cells were kept at 4 °C 
until the inoculation procedure (fresh culture was prepared on the same day of inoculation). 
For preparation of lyophilized culture, the method used was adapted from Barbosa et al. [18]: 
cells were initially frozen at −80 ℃ overnight, and then desiccated under vacuum (2 ATM) for 
4 days in a freeze-drier (SB4 Armfield, UK) at room temperature; and the condenser was cooled at 
−48 ℃. Before lyophilization process, Lb. plantarum ST153Ch reached ~10
10
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2.3. Manufacture of “Alheira de Vitela” and sampling procedures 
“Alheira” samples were manufactured in a meat plant according to traditional recipes and 
techniques. The ingredients used were as follows: Veal meat (35%), wheat bread (wheat flour, baking 
powder and salt), pork meat, rooster, cooking broth, spices, onion, olive oil and salt. The sausage 
mixture, before stuffing in natural casing, was divided into three similar portions, each one 
with 45 kg: one was inoculated with Lb. plantarum ST153Ch fresh (S2BLAF), another with Lb. 
plantarum ST153Ch lyophilized (S2BLA) and the other one was non-inoculated (S2BC), to act 
as a control. Lactobacillus plantarum ST153Ch, fresh or lyophilized (prepared as indicated in section 
2.2) was added before stuffing, in order to reach ~10
8 
CFU/g in the final product. Lyophilized culture 
was suspended in 3 L of water and sucrose (6%w/v) and then added to the fresh sausage mixture. 
Fresh culture was directly added to the sausage mixture. Sausages were smoked in ovens, with a slight 
smoke of holm-wood, in controlled humidity, for some hours. Then, ‘‘Alheiras” were packed (in 
packages composed with materials of polyolefin and polyamide), under modified atmosphere (20% 
CO2 and 80% N2) and stored for 90 days at 4 ℃. Three independent batches were produced. 
Microbiological analyses of all the samples were performed before smoking (−1 day), 
immediately after smoking (0 day) and during storage at times 3, 7, 15, 21, 28, 60 and 90 days. 
2.4. Anti-listerial activity of the bacteriocinogenic Lb. plantarum ST153 culture in ‘‘Alheira” 
Listeria monocytogenes strains were sub-cultured twice (24 h at 37℃) in TSB broth using a 
1% v/v inoculum. Each culture was centrifuged and mixed in Ringer’s solution. An aliquot (300 µL) 
of the cocktail of L. monocytogenes suspension (10
7
 CFU/mL for each strain of L. monocytogenes) 
was inoculated with a sterilized syringe in 300 g of each sample of “Alheira”. This procedure was 
done after smoking, in the microbiology laboratory, in order to reach 10
5
 CFU/g of sample of 
‘‘Alheira”: one batch was inoculated with Lb. plantarum ST153Ch fresh plus cocktail of L. 
monocytogenes (S2BLAF + LM), another batch with Lb. plantarum ST153Ch lyophilized plus 
cocktail of L. monocytogenes (S2BLA + LM) and the other one only with cocktail of L. 
monocytogenes (S2BC + LM), to act as a control. 
2.5. Microbiological analysis 
Twenty-five gram samples were added to 225 mL of sterile buffered peptone water (Biokar 
Diagnostics, Beauvais, France), and homogenized in a stomacher for 2 min. Appropriate decimal 
dilutions were prepared in Ringer’s solution for microbial enumeration according to ISO Standards: 
LAB on de Man, Rogosa and Sharpe Agar (MRS, Biokar Diagnostics; [19]) incubated at 30 ℃ 
for 72 h; Enterobacteriaceae on RAPID’ Enterobacteriaceae medium (Bio-Rad, CA, USA; [20]) 
and St. aureus on Baird Parker Agar (BPA, Bio-Rad; [21]), with rabbit plasma fibrinogen 
confirmation [22], both incubated at 37 ℃ for 48 h; Escherichia coli on Tryptone Bile X-glucuronide 
Agar [23] incubated at 44 ℃ for 24 h; Bacillus cereus on Mannitol Egg York Polymyxin Agar Base 
(VWR International, Pennsylvania, USA; ISO 7932:2004/Amd 1 [24]), and yeasts and molds on Rose-
Bengal Chloramphenicol Agar (Oxoid, Hampshire, UK; NP 3277-1:1987 [25]) incubated at 25 ℃ for 5 
days. Also the detection of some agents was performed using the ISO methodologies: detection and 
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enumeration of L. monocytogenes [26,27], detection of Salmonella spp. [28], sulfite- reducing 
Clostridium spores [29] and detection of Yersinia [30]. Every analysis was performed in duplicate. 
2.6. 16S rRNA gene analysis of microbial communities of “Alheira” 
Ten grams of “Alheira” samples were homogenized individually in a stomacher for 2 min. From 
this, 1 g was used for DNA extraction. The DNA was extracted according to the instructions of “The 
GRS Genomic DNA Kit–Tissue–for Stool” (GRISP, Porto, Portugal). 
The samples used were: “Alheira” inoculated with Lb. plantarum ST153Ch lyophilized (S2BLA): 
before smoking (S2BLA (−1 day)), after smoking (S2BLA (0 day)) and after 60 days of storage (S2BLA 
(60 days)); and the control non-inoculated (S2BC): before smoking (S2BC (−1 day)), after smoking 
(S2BC (0 day)) and after 2 months storage (S2BC (60 days)). 
Samples were prepared for Illumina Sequencing by 16S rRNA gene amplification of the 
bacterial community. The DNA was amplified for the hypervariable V3-V4 region with specific 
primers and further reamplified in a limited-cycle PCR reaction to add sequencing adapters and 
dual indexes. First PCR reactions were performed for each sample using KAPA HiFi HotStart PCR 
Kit according to the manufacturer’s suggestions, 0.3 μM of each PCR primer: forward primer 
Bakt_341F 5’-CCTACGGGNGGCWGCAG-3’ and reverse primer Bakt_805R  
5’-GACTACHVGGGTATCTAATCC-3’ [31,32] and 12.5 ng of template DNA in a total volume of  
25 μL. The PCR conditions involved a 3 min denaturation at 95 ℃, followed by 25 cycles of 98 ℃ for 
20 s, 55 ℃ for 30 s and 72 ℃ for 30 s and a final extension at 72 ℃ for 5 min. Second PCR 
reactions added indexes and sequencing adapters to both ends of the amplified target region 
according to manufacturer’s recommendations [33]. Negative PCR controls were included for all 
amplification procedures. PCR products were then one-step purified and normalized using 
SequalPrep 96-well plate kit (ThermoFisher Scientific, Waltham, USA) [34], pooled and pair-end 
sequenced in the Illumina MiSeq® sequencer with the V3 chemistry, according to the 
manufacturer’s instructions [33] at Genoinseq (Cantanhede, Portugal). 
All 16S rRNA data were analyzed with Kraken v1 [35] using the pre-built MiniKraken 8Gb 
database (https://ccb.jhu.edu/software/kraken/) with default parameters. At each taxonomic rank, 
classification falling below a threshold of 0.1% of all data were excluded from the subsequent 
analysis (i.e. classification represented by less than ~100 reads). 
2.7. Statistical analysis 
The comparison of the growth of L. monocytogenes without and with the bacteriocinogenic 
culture (fresh or lyophilized) through the storage time was carried out by one-way Analysis of 
Variance (ANOVA). The LSD-Tukey test was used to determine the significant differences (p < 0.05) 
among group means. Statistical analysis was done using SPSS 24.0.0.0 software for Windows. 
3. Results and discussion 
Since food safety has become an increasingly important international concern, the application of 
antimicrobial peptides from LAB, that target foodborne pathogens without toxic or other adverse 
effects, has received great attention. LAB that produce bacteriocins with antilisterial activity 
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have been used in fermented meat sausages as bioprotective cultures since the beginning of the 
90’s [6,7,36–41]. Our work follows this trendline, and expects to validate the effect of this 
bioprotective culture at industrial scale and over long storage times. 
The behaviour of L. monocytogenes and LAB in “Alheira” samples (control and inoculated with 
bacteriocinogenic culture) is presented in Figure 1 and Table 1, respectively. No differences were 
observed when L. monocytogenes strains were tested alone or combined in a cocktail (data not 
shown), showing that they don’t interfere between them. In the first three days of storage, it was 
observed a slight increase in L. monocytogenes counts. In parallel, a more pronounced growth was 
registered for LAB achieving ca. 9–10 log CFU/g. Also, and as observed in Table 1, the decrease in 
pH occurs at the same time as the number of lactic acid bacteria increases. After this period and until 
day 15, counts of the pathogen remained at the same level in control samples and decreased ca. 
0.5 and 1.0 log CFU/g in samples inoculated with lyophilized and fresh bacteriocinogenic cultures, 
respectively, while counts of LAB increased ca. 1 log cycle in all the samples. From day 15 until the 
end of storage, counts of LAB remained stable (varied less than < 1 log cycle) while counts of L. 
monocytogenes decreased in all the samples. Although there were no significant differences (p > 0.05) 
in the reduction of the pathogen between samples with and without bacteriocinogenic culture, there 
was a clear trend for a higher reduction of L. monocytogenes in the presence of the protective culture. 
It is important to highlight that results represent the mean of three independent batches produced at 
industrial level and consequently several factors, e.g. the composition of the indigenous microbiota 
of the raw materials and final products, were neither constant nor controlled. Most of the results 
published in previous articles were performed at laboratory or pilot scale [7, 36–41]. The work 
published by Vaz Velho et al. [13] was developed at smaller industrial scale, with only fresh culture 
and only at 7 days of storage. Also, these authors showed a reduction of L. monocytogenes less than 1 log. 
This current work was performed at industrial scale, with all the variability resulting therefrom. 
Moreover, this work used two different forms of the starter culture: lyophilized and fresh and 
analyses were performed during 90 days of storage. This well demonstrates the importance of validating 
studies at the industrial level and the importance of following the entire processes, until the end of 
storage time. For the industry it is crucial to follow product alterations until the end of storage, especially 
if we keep in mind that consumers are increasingly looking for safe products with long shelf-life. 
The pathogenic organisms investigated, (Salmonella, S. aureus, Yersinia, sulphite reducing 
Clostridium spores and E. coli) were not detected in any sample. Also, counts of Enterobacteriaceae 
and B. cereus were below the detection limit of the enumeration technique for 0, 3, 7, 15, 21, 28, 60 
and 90 days of storage (Table 2). 
Overall, for 16S rRNA metagenomic analysis almost all reads generated (~99%) were classified 
into a taxonomic rank for all the “Alheira de Vitela” samples, for the different stages of fermentation 
and with and without the lyophilized bacteriocinogenic culture, with more than 95% of them being 
classified at the family and genus level (Table 3). Regarding family analysis, Leuconostocaceae and 
Lactobacillaceae predominated in all the samples (Figure 2A). Lactobacillaceae was the 
predominant family in samples with addition of bacteriocinogenic culture and Leuconostocaceae was 
prevalent in control samples. At the genus level, the microbiome distribution was similar to the 
family classification, with the main genus being Lactobacillus, Weissella and Leuconostoc (Figure 2B). 
At both taxonomic levels, higher microbial diversity could be observed before and after smoking, as 
compared to 60 days after storage where samples presented two main families or genus. Of note, 
“Alheiras” sampled after 60 days of storage (60 days) with the addition of bacteriocinogenic culture 
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were mostly populated by Lactobacillus, whereas without this addition, “Alheiras” were equally 
populated by Leuconostoc and a higher portion of Weisella. 
At the species level, it was possible to observe lower microbial diversity in the samples before 
smoking (labeled as −1 day), with the sample without culture presenting higher diversity than the 
sample with culture (Figure 2C). After smoking, the microbial diversity of the inoculated sample 
increased, especially when compared to the control, with a more pronounced trend after 60 days of 
storage, when microbial diversity was greater. Through time, in both tested conditions, a decrease in 
Leuconostoc and Weisella species could be observed, although this was more accentuated in samples 
with bacteriocinogenic culture, as only traces of Weisella species were observed and Leuconostoc 
species were only present below 7%. After 60 days of storage, the most predominant specie identified 
was Lb. sakei that, as mentioned above, was the previous classification of inoculated Lb. plantarum strain, 
which is likely due to the characteristics of the database used. Also, it is interesting to observe the change 
in microbiome of samples before and after fermentation, showing the role of LAB in this process. 
Although there are differences in the microbiota, these are slight, which makes it impossible to draw final 
conclusions. So, we believed that further studies are still needed to explain the observed differences. 
Studying the changes in microbial populations can provide useful information to follow natural 
fermentation dynamics, particularly when using bioprotective cultures. Many different researches 
have been carried out unravelling the structure of the microbial consortia in dairy [42,43], meat [44] 
and vegetable foods [45]. 
 
Figure 1. Behaviour of L. monocytogenes in “Alheira de Vitela”, during storage at 4 ℃ 
in samples inoculated with Lb. plantarum ST153Ch and cocktail of L. monocytogenes. (■) 
S2BC + LM; (■) S2BLAF + LM; () S2BLA + LM. For each time, columns with the 
same letter are not significantly different (p > 0.05). 
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Table 1. Growth of lactic acid bacteria and pH values in “Alheira de Vitela”, during storage at 4 ℃ in samples inoculated with Lb. 
plantarum ST153Ch and samples inoculated with Lb. plantarum ST153Ch plus cocktail of L. monocytogenes. 
 “Alheira” with Lb. plantarum “Alheira” with Lb. plantarum plus cocktail of L. monocytogenes 
Samples S2BC (non-inoculated) S2BLAF (fresh) S2BLA (lyophilized) S2BC + LM (only inoculated 
with L. monocytogenes) 
S2BLAF + LM (Fresh) S2BLA + LM (lyophilized) 
Time (days) Log (CFU/g) pH Log (CFU/g) pH Log (CFU/g) pH Log (CFU/g) pH Log (CFU/g) pH Log (CFU/g) pH 
−1* 4.0 ± 0.12 5.45 ± 0.04 8.3 ± 0.55 5.65 ± 0.03 7.8 ± 1.5 5.56 ± 0.06  nd  nd  nd 
0 7.6 ± 1.10 4.72 ± 0.06 9.1 ± 1.46 4.75 ± 0.05 7.8 ± 1.9 4.65 ± 0.06 7.3 ± 0.95 4.70 ± 0.02 8.0 ± 1.66 4.73 ± 0.03 8.53 ± 1.48 4.80 ± 0.04 
3 9.0 ± 0.06 4.62 ± 0.03 9.3 ± 0.59 4.59 ± 0.03 9.8 ± 0.6 4.60 ± 0.02 9.3 ± 0.81 4.62 ± 0.01 9.8 ± 0.40 4.65 ± 0,03 9.87 ± 0.06 4,65 ± 0,04 
7 9.7 ± 0.55 4.54 ± 0.09 9.5 ± 0.96 4.53 ± 0.04 9.2 ± 0.7 4.5 ± 0.07 10.3 ± 0.40 4.55 ± 0.05 9.4 ± 1.30 4.64 ± 0.05 10.07 ± 0.71 4.60 ± 0.03 
15 10.0 ± 0.41 4.39 ± 0.05 10.2 ± 0.46 4.42 ± 0.07 10.5 ± 0.5 4.40 ± 0.03 10.4 ± 0.31 4.44 ± 0.08 10.7 ± 0.42 4.57 ± 0.02 10.53 ± 0.55 4.50 ± 0.07 
21 11.0 ± 0.00 4.25 ± 0.06 10.6 ± 0.29 4.30 ± 0.08 11.1 ± 0.0 4.31 ± 0.10 10.8 ± 0.12 4.43 ± 0.06 10.4 ± 0.46 4.45 ± 0.06 11.07 ± 0.06 4.50 ± 0.04 
28 10.7 ± 0.67 4.11 ± 0.08 10.7 ± 0.69 4.14 ± 0.04 10.9 ± 0.2 4.14 ± 0.06 10.6 ± 0.87 4.13 ± 0.02 11.0 ± 0.20 4.25 ± 0.04 11.03 ± 0.06 4.20 ± 0.06 
60 10.9 ± 0.06 3.60 ± 0.04 10.8 ± 0.85 3.67 ± 0.02 10.6 ± 0.6 3.70 ± 0.08 10.7 ± 0.29 3.70 ± 0.02 10.7 ± 0.44 3.90 ± 0.07 10.97 ± 0.12 4.00 ± 0.07 
90 10.5 ± 0.15 3.58 ± 0.09 10.4 ± 0.44 3.52 ± 0.06 10.4 ± 0.4 3.54 ± 0.04 10.4 ± 0.17 3.57 ± 0.04 10.4 ± 0.40 3.65 ± 0.05 10.60 ± 0.44 3.70 ± 0.05 
* before smoking. 
Table 2. Microbial characterization of “Alheira de Vitela” at 4 ℃ for 0, 3, 7, 15, 21, 28, 60 and 90 days of storage. 
 Enumeration (log CFU/g) Presence in 25g 
“Alheira” Bacillus 
cereus 
Yeasts Moulds Enterobacteriaceae E .coli Coagulase positive 
staphylococci 





S2BC <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLAF <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLA <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BC + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLAF + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLA + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
         Continued on next page 
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 Enumeration (log CFU/g) Presence in 25g 
“Alheira” Bacillus 
cereus 
Yeasts Moulds Enterobacteriaceae E .coli Coagulase positive 
staphylococci 





S2BC <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLAF <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLA <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BC + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLAF + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLA + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BC <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLAF <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLA <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLAF + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
S2BLA + LM <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 − − − − 
Legend: 
a
SRC spores; sulphite reducing clostridial spores, presence (+) or absence (−) in 1, 0.1 or 0.01 g sample.  
Table 3. Global results of the 16SrRNA metagenomic analysis using Kraken. 
Sample Total # of paired reads generated 
Percentage of classified reads (%) 
Total Up to family Up to genus Up to species 
S2BLA (−1 day) 88285 99.93 94.94 (0.15) 94.71 (0.35) 30.03 (1.08) 
S2BLA (0 day) 77182 98.71 98.59 (0.67) 98.02 (0.86) 50.32 (1.71) 
S2BLA (60 days) 83671 99.77 97.53 (1.07) 96.87 (1.19) 81.41 (1.74) 
S2BC (−1 day) 91240 99.91 98.17 (0.23) 98.07 (0.21) 55.04 (0.8) 
S2BC (0 day) 62382 99.08 98.72 (0.69) 98.52 (0.72) 84.29 (1.18) 
S2BC (60 days) 76074 99.64 97.39 (0.14) 96.98 (0.34) 68.14 (0.73) 
Percentages are relative to the total number of classified reads. Values in parenthesis refer to the percentage of reads excluded at each  taxonomic rank. “Alheira de Vitela” non-inoculated as a control (S2BC) and 
inoculated with Lb. plantarum ST153Ch lyophilized (S2BLA): before smoking (−1 day), after smoking (0 day) and 60 days of storage (60 days). 
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Figure 2. Results for 16s rRNA gene analysis of microbial communities of “Alheira de 
Vitela”. Reads were classified using Kraken and (A) families, (B) genus and (C) species 
identified are presented. Percentages are relative to the total number of reads classified at 
each taxonomic level. Classifications falling below 1% in all samples are not presented and 
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4. Conclusion 
Lactobacillus plantarum ST153Ch showed a slight antilisterial activity in situ, with a reduction 
of ~0.5–1 log until 15 days of storage of “Alheira de Vitela”. However, until the end of storage, 
counts of L. monocytogenes decreased in all the samples, while counts of LAB remained stable. 
Additionally, no significant differences were found between application methodologies (fresh or 
lyophilized LABs), therefore industry might be able to choose the most appropriate technique 
according to their manufacturing process. From the analysis of the microbial communities it was 
confirmed the absence of the pathogens investigated by culture dependent methods and it was 
demonstrated that the addition of the bioprotective culture altered the microbiota of “Alheira”. At 
different stages of fermentation with and without the bac + culture, Leuconostocaceae and 
Lactobacillaceae predominated in all samples and, as expected, Lactobacillus was the genus more 
prevalent in “Alheiras” sampled after 60 days of storage with the addition of the bacteriocinogenic 
culture.  
Nevertheless, the few differences observed, there was a reduction in the L. monocytogenes 
counts in the early storage days, which could justify the use of these cultures. For the industry it is 
very important to control the development of a pathogen at the beginning of storage time when 
products are already available to consumers. 
Conflict of interest 
All authors declare no conflicts of interest in this paper. 
Acknowledgments 
This work was supported by funding from the National Funds from the Fundação para a Ciência 
e a Tecnologia (FCT) through project UID/Multi/50016/2013, by the project “Biological tools for 
adding and defending value in key agro-food chains (bio-n2-value)”, nº NORTE-01-0145-
FEDER-000030, funded by Fundo Europeu de Desenvolvimento Regional (FEDER), under 
Programa Operacional Regional do Norte-Norte2020” and a post-doctoral fellowship 
SFRH/BPD/113303/2015 (author J. Barbosa), and by DEM@BIOFUMADOS-Demonstrador do 
Biofumados Tradição vs Qualidade-Produção de Enchidos e Fumados Tradicionais Portugueses (NORTE-
01-0247- FEDER-017634), co-funded by Fundo Europeu de Desenvolvimento Regional (FEDER), 
under Programa Operacional Regional do Norte (PO Norte). 
We would like to thank Dr. João Paulo Gomes and Dr. Vitor Borges from the Bioinformatics 
Unit at Department of Infectious Diseases of the Portuguese National Institute of Health for their 
support in the bioinformatics analysis of this study. 
References 
1. Albano H, Reenen CA, Todorov SD, et al. (2009) Phenotypic and genetic heterogeneity of lactic 
acid bacteria isolated from ‘‘alheira”, a traditional fermented sausage produced in Portugal. 
Meat Sci 82: 389–398. 
234 
AIMS Agriculture and Food  Volume 4, Issue 2, 223–236. 
2. Esteves A, Patarata L, Saraiva C, et al. (2008) Assessment of the microbiological characteristics 
of industrially produced alheira, with particular reference to foodborne pathogens.  J Food 
Saf 28: 88–102. 
3. Ferreira V, Barbosa J, Vendeiro S, et al. (2006) Chemical and microbiological characterization 
of alheira: A typical Portuguese fermented sausage with particular reference to factors relating 
to food safety. Meat Sci 73: 570–575. 
4. Felício M, Ramalheira R, Ferreira V, et al. (2011) Thermal inactivation of Listeria 
monocytogenes from alheiras, traditional Portuguese sausage during cooking. Food 
Control 22: 1960–1964. 
5. Campos CA, Castro MP, Rivas FP, et al. (2013) Bacteriocins in food: Evaluation of the factors 
affecting their effectiveness. In: Mendéz-Vilas A, Microbial pathogens and strategies for 
combating them: science, technology and Education, Ed., Formatex, Badajoz, 994–1004. 
6. Oliveira M, Ferreira V, Magalhães R, et al. (2018) Biocontrol strategies for Mediterranean-style 
fermented sausages. Food Res Int 103: 438–449. 
7. Orihuel A, Bonacina J, Vildoza MJ, et al. (2018) Biocontrol of Listeria monocytogenes in a 
meat model using a combination of a bacteriocinogenic strain with curing additives. Food Res 
Int 107: 289–296. 
8. Perez R, Zendo T, Sonomoto K (2014) Novel bacteriocins from lactic acid bacteria (LAB): 
various structures and applications. Microb Cell Fact 13: S3. 
9. Albano H, Oliveira M, Aroso R, et al. (2007) Antilisterial activity of lactic acid bacteria isolated 
from‘‘Alheiras’’ (traditional Portuguese fermented sausages): In situ assays. Meat Sci 76: 796–800. 
10. Mainar MS, Xhaferi R, Samapundo S, et al. (2016) Opportunities and limitations for the 
production of safe fermented meats without nitrate and nitrite using an antibacterial 
Staphylococcus sciuri starter culture. Food Control 69: 267–274. 
11. Ojha KS, Kerry JP, Duffy G, et al. (2015) Technological advances for enhancing quality and 
safety of fermented meat products. Trends Food Sci Technol 44: 105–116. 
12. Todorov SD, Vaz-Velho M, Franco BDGM, et al. (2013) Partial characterization of bacteriocins 
produced by three strains of Lactobacillus sakei, isolated from salpicão, a fermented meat 
product from North-West of Portugal. Food Control 30: 111–121. 
13. Vaz-Velho M, Jácome S, Noronha L, et al. (2013) Comparison of antilisterial effects of two 
strains of lactic acid bacteria during processing and storage of a Portuguese salami-like product 
“Alheira”. Chem Eng Transactions 32: 1807–1812. 
14. Bergholz TM, Switt AIM, Wiedmann M (2014) Omics approaches in food safety: fulfilling the 
promise? Trends Microbiol 22: 275–281. 
15. Ferrocino I, Bellio A, Giordano M, et al. (2018) Shotgun metagenomics and volatilome profile 
of the microbiota of fermented sausages. Appl Environ Microbiol 84:1–14. 
16. Kergourlay G, Taminiau B, Daube G, et al. (2015) Metagenomic insights into the dynamics of 
microbial communities in food. Int J Food Microbiol 213: 31–39. 
17. Briers Y, Klumpp J, Schuppler M, et al. (2011) Genome Sequence of Listeria monocytogenes 
Scott A, a clinical isolate from a food-Borne listeriosis outbreak. J Bacteriol 193: 4284–4285. 
18. Barbosa J, Borges S, Amorim M, et al. (2015) Comparison of spray drying, freeze drying 
and convective hot air drying for the production of a probiotic orange powder. J Funct 
Foods 17: 340–351. 
235 
AIMS Agriculture and Food  Volume 4, Issue 2, 223–236. 
19. ISO 15214:1998. Food Microbiology - Horizontal method for the enumeration of mesophilic 
lactic acid bacteria - Colony-count technique at 30 degrees C. 
20. ISO 21528-2:2017. Microbiology of the food chain—Horizontal method for the detection and 
enumeration of Enterobacteriaceae - Part 2: Colony-count technique. 
21. ISO 6888-1:1999. Microbiology of food and animal feeding stuffs - Horizontal method for the 
enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species)—
Part 1: Technique using Baird-Parker agar medium. 
22. ISO 6888-2:1999. Microbiology of food and animal feeding stuffs - Horizontal method for the 
enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species)—
Part 2: Technique using rabbit plasma fibrinogen agar medium. 
23. ISO 16649-2:2001. Microbiology of food and animal feeding stuffs - Horizontal method for the 
enumeration of beta-glucuronidase-positive Escherichia coli—Part 2: Colony-count technique at 
44 degrees C using 5-bromo-4-chloro-3-indolyl beta-D-glucuronide. 
24. ISO 7932:2004. Microbiology of food and animal feeding stuffs—Horizontal method for the 
enumeration of presumptive Bacillus cereus - Colony-count technique at 30 degrees C. 
25. NP 3277-1:1987. Food Microbiology: Moulds and Yeast colony counting—Part 1: 
Incubation at 25 °C. 
26. ISO 11290-1:2017. Microbiology of the food chain - Horizontal method for the detection and 
enumeration of Listeria monocytogenes and of Listeria spp.—Part 1: Detection method. 
27. ISO 11290-2:2017. Microbiology of the food chain - Horizontal method for the detection and 
enumeration of Listeria monocytogenes and of Listeria spp.—Part 2: Enumeration method. 
28. ISO 6579-1:2017. Microbiology of the food chain—Horizontal method for the detection, 
enumeration and serotyping of - Part 1: Detection of Salmonella spp. 
29. NP 2262:1986. Food Microbiology. General guidelines for sulfite-reducing Clostridium spores 
detection. 
30. ISO 10273:2017. Microbiology of the food chain—Horizontal method for the detection of 
pathogenic Yersinia enterocolitica. 
31. Herlemann DP, Labrenz M,   rgens K, et al. (2011) Transitions in bacterial communities along 
the 2000 km salinity gradient of the Baltic Sea. The ISME J 5: 1571–1579. 
32. Klindworth A, Pruesse E, Schweer T, et al. (2013) Evaluation of general 16S ribosomal RNA 
gene PCR primers for classical and next-generation sequencing-based diversity studies. Nucleic 
Acids Res 41: e1. 
33. Illumina MiSeq System (2013) 16S metagenomic sequencing library preparation. Preparing 16S 
ribosomal RNA gene amplicons for the Illumina MiSeq System. 
34. Comeau AM, Douglas GM, Langille MGI (2017) Microbiome Helper: a custom and streamlined 
workflow for microbiome research. mSystems 2: e00127-16. 
35. Wood DE, Salzberg SL (2014) Kraken: ultrafast metagenomic sequence classification using 
exact alignments. Genome Biol 15: R46. 
36. Foegeding PM, Thomas AB, Pilkington DH, et al. (1992) Enhanced control of Listeria 
monocytogenes by in situ-produced pediocin during dry fermented sausage production. Appl 
Environ Microbiol 58: 884–890. 
37. Campanini M, Pedrazzoni I, Barbuti S, et al. (1993) Behaviour of Listeria monocytogenes 
during the maturation of naturally and artificially contaminated salami: effect of lactic acid 
bacteria starter cultures. Int J Food Microbiol 20: 169–175. 
236 
AIMS Agriculture and Food  Volume 4, Issue 2, 223–236. 
38. Hugas M, Garriga M, Aymerich MT, et al. (1995) Inhibition of Listeria in dry fermented 
sausage by the bacteriocinogenic Lactobacillus sake CTC494. J Appl Microbiol 79: 322–330. 
39. Mataragas M, Drosinos EH, Metaxopoulos J (2003) Antagonistic activity of lactic acid bacteria 
against Listeria monocytogenes in sliced cooked cured pork shoulder stored under vacuum or 
modified atmosphere at 4 ± 2 ºC. Food Microbiol 20: 259–265. 
40. Nieto-Lo ano  C, Reguera- seros  I, Pel e - art ne  MC, et al. (2006) Effect of a bacteriocin 
produced by Pediococcus acidilactici against Listeria monocytogenes and Clostridium 
perfringens on Spanish raw meat. Meat Sci 72: 57–61. 
41. Albano H, Pinho C, Leite D, et al. (2009) Evaluation of a bacteriocin-producing strain of 
Pediococcus acidilactici as a biopreservative for “Alheira”, a fermented meat sausage. Food 
Control 20: 764–770. 
42. Ercolini D, De Filippis F, La Storia A, et al. (2012) ‘‘Remake’’ by high throughput sequencing 
of the microbiota involved in the production of water buffalo mozzarella cheese. App Environ 
Microbiol 78: 8142–8145. 
43. De Pasquale I, Calasso M, Mancini L, et al. (2014) Causal relationship between microbial 
ecology dynamics and proteolysis during manufacture and ripening of protected designation of 
origin (PDO) cheese Canestrato Pugliese. Appl Environ Microbiol 80: 4085–4094. 
44. Połka  , Rebecchi A, Pisacane V, et al. (2015) Bacterial diversity in typical Italian salami at 
different ripening stages as revealed by high-throughput sequencing of 16S rRNA amplicons. 
Food Microbiol 46: 342–356. 
45. Jackson CR, Randolph KC, Osborn SL, et al. (2013) Culture dependent and independent 
analysis of bacterial communities associated with commercial salad leaf vegetables. BMC 
Microbiol 13: 274. 
© 2019 the Author(s), licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0) 
